and oncornavirus RNA in the endogenous reaction (7). Because our data showed that both ribonucleoside triphosphates and sodium pyrophosphate (PPj) were as effective as high amounts of deoxynucleoside triphosphates (1), the interaction was apparently at a level other than substrate for the synthetic reaction. Further investigations revealed that these additives were inhibiting synthesis of a small size class of DNA (4-10S on alkaline sucrose gradients), primarily produced after synthesis of the 18S full-length complementary DNA (8). This fragmented material was shown to be a faithful copy of the 18S DNA by nuclease digestion experiments subsequent to hybridization (8). These experiments were performed in the absence of actinomycin D, which is often used to inhibit synthesis of anticomplementary (second-strand) DNA but which we found also results in a much lower yield and more heterodisperse population of complementary DNA (ref. 8, and our unpublished data). We suggested at that time that the phosphodiester bond-containing additives could be preventing anticomplementary DNA synthesis by inhibiting the ribonuclease H activity (hybrid nuclease, EC 3.1.4.34) of the reverse transcriptase.
and oncornavirus RNA in the endogenous reaction (7) . Because our data showed that both ribonucleoside triphosphates and sodium pyrophosphate (PPj) were as effective as high amounts of deoxynucleoside triphosphates (1) , the interaction was apparently at a level other than substrate for the synthetic reaction. Further investigations revealed that these additives were inhibiting synthesis of a small size class of DNA (4-10S on alkaline sucrose gradients), primarily produced after synthesis of the 18S full-length complementary DNA (8) . This fragmented material was shown to be a faithful copy of the 18S DNA by nuclease digestion experiments subsequent to hybridization (8) . These experiments were performed in the absence of actinomycin D, which is often used to inhibit synthesis of anticomplementary (second-strand) DNA but which we found also results in a much lower yield and more heterodisperse population of complementary DNA (ref. 8 , and our unpublished data). We suggested at that time that the phosphodiester bond-containing additives could be preventing anticomplementary DNA synthesis by inhibiting the ribonuclease H activity (hybrid nuclease, EC 3.1.4.34) of the reverse transcriptase.
We now present data showing that the end product of an in vitro reverse transcriptase reaction in the presence of sodium pyrophosphate is a DNA-RNA hybrid. This structure maintains its integrity long after synthesis of the complementary DNA strand is complete. In the absence of PP1, the DNA-RNA hybrid Hybridization was measured by a modification of the method of Kacian and Spiegelman (10) . In experiments in which hybrids from synthetic reactions were directly assayed, 5 Ml of reaction mixture was added to 30 ,ul of 0.001 M EDTA; 5-,Ml aliquots were removed and added to 15 ,l of hybridization solution, giving the same final concentration of buffers as stated above. Two aliquots (8 ,ul) were taken from the hybridization reaction into nuclease reaction mixtures (200,gl final volume) containing 200 mM NaCl, 50 mM Tris-HCl (pH 8.3), 1 mM CaC12, 10 mM MgClZ and bovine serum albumin at 100 ,g/ml.
To one reaction mixture micrococcal nuclease was added to 4.5 units/ml; the other served as an incubated control without nuclease. After incubation at 45°C for 35 min, trichloroacetic acid-precipitable radioactive material was collected on membrane filters.
Cesium Sulfate Centrifugation. Samples were centrifuged for 60-72 hr in the Beckman SW 56 rotor; 31,000 rpm, 25°C. The final solution contained Cs2SO4 at a final density of Abbreviation: NaDodSO4, sodium dodecyl sulfate. 5329
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1.55-1.57 g/ml, 0.01 M Tris-HCI (pH 7.4), 0.001 M EDTA, 0.02% sodium lauroyl sarcosinate, and Escherichia coli DNA at 2.5 gg/ml. In alkaline cesium gradients the Tris was replaced by sodium hydroxide to 0.1 M. Fractions were collected dropwise from the bottom of the tube, precipitated with trichloroacetic acid, and collected on nitrocellulose filters. Density was determined by measuring the refractive indexes of fractions 5, 10, 15, 18, and 20.
Isolation of Polio RNAcDNA Hybrids. Synthetic reactions were carried out for 60 min with sodium pyrophosphate present as detailed above. EDTA was added to 0.01 M and sodium lauroyl sarcosinate to 1%, and samples were extracted with an equal volume of phenol/cresol/chloroform (9) . The solution was passed through a 1 X 10 cm column of Sephadex G-50 (fine grade) equilibrated with TNE (0.01 M Tris-HCI, pH 7.5/0.1 M NaCl/0.001 M EDTA) and 0.1% NaDodSO4. Peak fractions were pooled, NaCl was added to 0.4 M, and the solutions were precipitated with 2 vol of ethanol overnight at -20'C. They were spun in the Beckman SW 56 rotor for 45 min at 25,000 rpm at -50C, washed with 70% (vol/vol) ethanol, and respun. Hybrids were resuspended in 0.01 M Tris-HCl (pH 8.3 at 0.05 M)/0.05 mM EDTA, and the specific activities were determined.
When the DNA-RNA hybrids were fractionated, the Sephadex G-50 column was omitted. After phenol/cresol/ chloroform extraction, 150-al samples were layered on a 5-20% sucrose gradient in 0.5% NaDodSO4/0.05 M Tris-HCI (pH 7.4)/0.15 M NaCl/0.005 M EDTA. They were spun at 50,000 rpm for 21/2 hr at 20'C in order that the hybrid would migrate to the middle of the gradient. Peak fractions were collected and precipitated with ethanol as described above. All radioactivity was recovered as trichloroacetic acid precipitates. (Fig. 1) , neutral cesium sulfate (Fig. 2) and alkaline cesium sulfate (data not shown). In the presence of PPi, only 18S polio cDNA is synthesized, and it is complete by 35 min. Without PP1, two size classes of DNA appear and synthesis continues at a linear rate for at least 90 min (data not shown).
Cesium sulfate density centrifugation of the reaction containing PPj reveals the presence at 15 min of a DNA-RNA hybrid banding at a density of 1.55 g/ml. Later, when synthesis ceases, this structure migrates to a density of 1.51 g/ml and remains there for more than 60 min (Fig. 2) . Without PP1, the DNA is released from the hybrid structure as anticomplementary DNA is synthesized (Fig. 2) (8) and all of the DNA bands sharply at 1.44 g/ml by 90 min. Alkaline cesium sulfate gradients of all time points with and without PPi show the DNA as one sharp peak at a density of 1.44 g/ml. As we previously reported, the complementary DNA is obtained in larger size and higher yield in the presence of PP1, and second-strand synthesis is inhibited. These results indicate that PP1 prevents degradation of RNA-DNA hybrids during the synthetic reaction.
The following more direct experiment was performed to see whether the reverse transcriptase degraded the isolated DNA-RNA hybrid in the absence of PP1. The entire reaction of [3H]cDNA synthesized with PP1 was phenol/cresol/chloroform extracted, put through a Sephadex G-50 column, and ethanol precipitated. Samples (0.35 /ag) of this hybridized DNA were added to each of two 50-,l reactions with 4.8 units of reverse transcriptase. New synthesis measured by incorporation of [32P]dCTP showed 6 times more incorporation (0.26 ,ug) in the absence of PP1 and further, all of the DNA banded at a density of 1.43 g/ml by 30 min (Fig. 3) . In contrast, the hybrid remained at 1.51 g/ml in the reaction with PP1 (Fig. 3) .
To see whether synthesis is required for DNA-RNA hybrid degradation to occur, the following experiments were carried out with only one deoxynucleoside triphosphate present. In [32P]dCTP and 4 times the usual amount of unlabeled dCTP to maintain the same triphosphate concentration. Cs2SO4 gradients (Fig. 4) show that in the-absence of PP1 and in the absence of synthesis, hybrid degradation occurred but was decreased. Even at 60 min, the structure still banded at 1.47 g/ml (data not shown) and the DNA in this hybrid was 40% resistant to nuc- (Table 3) . All reactions were prepared and assayed with micrococcal nuclease as described in Materials and Methods and incubated for 14 hr at 680C. Two-tenths microgram of RNA and 2.5-3.5 ng of cDNA were present in each 20-,Al reaction. In the DNA.DNA hybridization 21 ng of control polio cDNA was added. Control polio cDNA was synthesized with sodium pyrophosphate present, phenol/cresol/chloroform extracted, ethanol precipitated, and alkali treated (1) . The hybrid reaction without sodium pyrophosphate present with synthesis was terminated at 60 min with EDTA and centrifuged in a 15-30% alkaline sucrose gradient (Fig. 6) . 3H-and 32P-labeled peak DNA fractions were pooled separately, neutralized, ethanol precipitated, and neutralized.
lease digestion ( (Table 4 ). It will also be seen from Table 4 that synthesis in the presence of PPj is negligible. virus-infected cells (11) . We attempted to define the specific mechanism responsible for this structure in a purified system in which artifacts due to contaminating ribonuclease would not be introduced. 
